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Abstract 
The description of quality software metrics is presented. Based on a set of quality characteristics, specialized and 
application oriented characteristics systems are built. For each characteristic there are countless level estimation models, 
from which a significant one is debated. A model in which the codomain is between [0,1] is selected for each characteristic 
correlated with a high level of orthogonality in relation to other characteristics that are part of the system. An aggregate 
indicator with the codomain between [0,1] is built using weights that create a more comprehensive overview of software 
quality. The importance of defining techniques for weights calculation is presented. The properties obtained for the weights 
are analyzed using different techniques. 
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1. Software quality 
In the current context defined by the standards of the information society, the development of wide interest 
software applications involves a high level of quality implementation so that all user transactions are 
characterized by correctness, completion and operability resulting in a higher degree of end user satisfaction.  
In [1], software quality is defined as a characteristic, a property, an attribute that corresponds to the level of 
excellence, high input granularity and superior excellence. The development of software applications involves 
concepts such as estimated level, planned level and actual level of quality. The estimated quality level is used 
when the software application is not yet available or is in the process of elaborating the project's financial offer 
required within the program in order to define the financial objectives and necessary resources. 
The planned quality level of a software application is obtained by studying the quality of same class 
software applications available on the market, in correlation with the volume of resources available at 
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developer level and in terms of financial resources available at the investor level, the investor being the entity 
that finances the entire application development process. 
The planned quality level must be set in order to ensure reaching the objective for which the application is 
being developed, to achieve a level of efficiency as high as possible for the user and to comply with the 
required terms and available resources. A properly planned quality level aims to ensure market penetration 
through efficiency and performance in terms of used resources, medium time transactions, process 
establishment acquisition and exploitation costs.  
As a consequence, quality standards have to be set for each step of the software development cycle, the 
activities having precise tasks and rigorous ways through which quality is ensured even when deviations of the 
planned level occur. As a result software quality increases. 
The quality optimization problem was tackled in a wide number of papers from different perspectives [3-4]. 
All approaches resulted in similar conclusions, highlighting the idea that in order to improve a quality 
characteristic one must have a complete approach from both a mathematical and a statistical point of view.  
The actual quality level of a software product is the result of measures implemented within the exploitation 
period and is obtained by inputting data into a model. The result determines how good the product is in 
conditions of actual exploitation by a user over a range of time or at the level of the entire collectivity.  
Between the planned, estimated and the actual quality level of a software application there are some 
differences that position the developer, investor and user so that the application retains its viability or is taken 
out of use. 
If QPL is the planned quality level, QES, the estimated quality level, and QEF, the actual quality level, the 
ideal situation corresponds to the triple equality: QPL = QES = QEF, forming an equilateral triangle depicted in 
figure 1. 
Fig. 1. Triple equality of quality levels 
 
The scenario convenient to the user’s level corresponds to the inequality QES < QPL < QEF. This scenario 
is convenient to the user but at the developer’s level it shows the fact that the quality level of the software 
application was not properly estimated. 
The scenario in which QES > QPL > QEF is not a favorable one because the actual quality is lower than the 
planned and estimated one, resulting the fact that the application performs at lower parameters than what is 
expected of it. For other combinations of inequalities appropriate interpretations can be performed. 
According to [5], the following quality characteristics emerge frequently within the metrics development 
process: reliability, portability, applications’ generality, correctness, friendly feature of the application and 
continuity. 
2. Quality metrics 
Literature review highlights that sources such as [1] and [2], abound in indicators associated with the quality 
characteristics and, from one quality application to another, significant indicators are extracted for the 
characteristics that forms the local system of the application quality. 
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In [3], the process for choosing the general criteria for evaluating software products is depicted. Topics of 
interest concerning the quality of information and implementation are presented: scalability, transparency of 
information and functional flexibility, compactness, reliability, completeness and documentation quality. Thus 
a set of evaluation criteria for choosing quality products is built. For each criterion, an indicator is constructed. 
All indicators must be analyzed in order to assess the degree of meeting the properties of sensitivity, non-
compensatory and non-catastrophic.  
As a result, the indicators’ structures are taken and, for each type of analytical expression, precise methods 
are used for highlighting if the indicator achieves or not each analyzed property. 
From the set of indicators associated with the quality characteristics, one indicator is extracted for each 
characteristic so that the selected indicators simultaneously meet the same requirements regarding the 
indicators’ properties such as sensitivity, non-catastrophic and non-compensatory. 
The quality’s study result is materialized in table 1, with T columns, the first column representing the quality 
characteristic, the second column the estimated quality level, followed by the planned and actual level, for the 
quality characteristics extracted from set 1 2{ , , , , , }i NCC C C C C  . 
Table 1. Table of characteristics’ quality levels 
Quality 
characteristic QES QPL QEF 
C1 1QES  1QPL  1QEF  
C2 2QES  2QPL  2QEF  
….    
Ci iQES  iQPL  iQEF  
….    
CNC NCQES  NCQPL  NCQEF  
 
It is important to have an overview of the final product in the expression of an aggregated indicator which 
includes all quality characteristics. As a result, two indicators are defined as: 
            (1) 
            (2) 
where: 
pi – the weight associated to Ci characteristic; 
iD  – the quality level; 
NC – the number of characteristics; 
IAS – the aggregation using the sum operator; 
IAP – the aggregation using the product operator. 
The software quality analysis using the bi-dimensional model depicted in table 1 is done horizontally, 
following the table lines, and the software product is considered suitable if, for all the characteristics, the actual 
levels are superior to the estimated and planned levels. For the scenarios in which the actual level is lower than 
the estimated and planned level, debates are required and decisions must be grounded on rigorous established 
criteria. 
The metrics needs to be validated. The validation process implies a number of products  and 
their actual and planned quality levels for the m products. If k situations exists in which the modulus difference 
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between the planned and actual level are less than  and  is greater than an established threshold of 0.78 
representing the acceptability threshold, this means that the metric is validated. 
In [3], eight assessment methods are depicted. The methods taken into account are cost-benefit analysis and 
value analysis software to the detriment of the acquisition costs required for the software product. A method of 
granting notes and setting weights is presented, the method used in this paper. For this method, the steps and 
the process by which the final result, obtained by aggregation, is presented. 
The metric for quality estimation is defined along with another metric for quality planning and also a metric 
for quality measurement. If the three metrics are different, it is mandatory to find coefficients that allow 
developers to establish correlations between the associated indicators for each characteristic part of the three 
metrics.  
3. Weight assessment 
For weight assessment, a software application is developed with a high enough level of generality that 
allows: to generate the data acquisition form, to generate the restrictions that the data has to comply with; the 
selection of data automatic correction option, to choose the processing algorithm, the specification of the data 
validation criteria, enforcing a set of restrictions for assuring a correct acquisition process, conducting 
processing, displaying the resulted weights, running the stability weights analysis, weights integration into the 
aggregated indicator, storing the generated data sets and resuming weight assessment process using the stored 
data sets. Some of the quality characteristics are tightly related as presented in [6], and the dependencies of one 
upon the other makes the aggregated indicator more sensitive. 
The formulas using the generated data are written, as it follows: 
x the sum of the granted levels is calculated following each line in order to verify their correct assignment 
using the formula: 
           (3) 
The sum for all the lines needs to be constant, , where  for . 
For the collectivity CG0, SCG0=95, meaning that . 
 
x the sum at the column level is calculated for establishing the weights for each characteristic: 
         (4) 
This sum fits the limits determined by the min and max within CG0 set, multiplied with the number of 
specialists: 
           (5) 
where, for , the values of Vmax and Vmin are equal to  and 
 
x the sum of all values within the tables: 
           (6) 
x the weight for each characteristic Cj is established using the formula: 
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while the calculated weights hold the equality . 
Regarding the construction of acquired data sets for the same phenomena, the next step is proceeding with 
the identification of the collectivity that has the same characteristics as the baseline collectivity. A set of exact 
data is generated complying with the rules upon which the previous table was obtained. The same number of 
weights sets is obtained in accordance with the number of conducted acquisition processes.  
For the first collectivity, the determined weights are presented in table 2. 
Table 2. Determined weights 
Quality 
components 
Quality of 
data input 
Processing 
quality 
Results 
quality 
Weights 0,31 0,38 0,31 
The weights determined within table 2 hold the specified equality of a weight set, resulting in a valid 
weights’ set. 
4. Analysis of weight stability 
The analysis of weights’ stability is possible only if representative data sets exists with the same processing 
procedures and data is acquired using the same procedure for the entire collection of specialists [7]. 
Assuming that the number of collections of specialists is TT, it results that a number of TT acquired data 
tables having the structure depicted in table 1 exist and all elements are generated using the values from CG0 set. 
As a result of processing, TT data sets are compiled, using the structure presented in table 2. 
 Stability analysis starts from the concept which states that the output of each system should not be 
significantly affected by input variations, regardless of variation level. In the case of software quality analysis, 
it is important, in the development of aggregated indicator, that the weights’ system are stable, meaning that it 
must not vary significantly in time given a certain specialists structure collectivity. For this reason, analyzing 
the stability of a weights system refers to:  
x finding the average weight, PM, that is equal to  for all weight systems; 
x measuring weights dispersion for all weight systems; 
x verifying the hypothesis of the statistic assumption that the weights do not differ significantly; 
x verifying the hypothesis of the statistic assumption that the weights from different collectivities do not 
differ significantly; 
x if the weights verify the proposed hypothesis,  the weights’ system is stable. 
The experimental results show that, for the second collectivity, the weights presented in table 3 are obtained. 
Table 3. Weights measured for the second collectivity 
Quality 
components 
Quality of 
data input 
Processing 
quality 
Results 
quality 
Weights 0,23 0,25 0,52 
 
For the two sets of weights determined using two collectivities, stability analysis is conducted. The average 
weight, PM, is equal for both systems, . The dispersion of the weights’ system from table 2 
is  and for the second collectivity is . 
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In the same way, for all TT collectivities, the values of the dispersions are calculated, following the decision 
regarding the use of weights. The sets are separately used or combined using the average value resulting in a 
single system of weights. 
For the two weights’ system, the average is applied in order to obtain and use a single set of weights 
presented in table 4. 
Table 4. Weights calculated using the average of two collectivities 
Quality 
components 
Quality of 
data input 
Processing 
quality 
Results 
quality 
Weights 0,27 0,32 0,41 
 
The weights are used for the calculation of the following aggregated indicator: 
        (8) 
where  are the measured values for all three essential quality elements of software quality. 
Similar, the aggregated indicator is calculated, . The  indicator is 
similarly treated as the previous  indicator. 
A number of 100 software applications are used for which the three levels of quality are determined: data 
input, processing and results quality, resulting table 5. 
Table 5. Arbitrary values of the three indicators 
Software 
application 
Quality of data 
input 
Processing 
quality 
Results 
quality 
AP1 0,2 0,6 0,4 
AP2 0,1 0,6 0,6 
AP3 0,2 0,4 1 
… … … … 
APi 0,4 0,3 0,5 
…. … … … 
AP99 0,4 0,3 0,2 
AP100 0,1 0,6 0,8 
 
For the set of 100 software, the aggregated indicators are calculated and obtained data is presented in table 6. 
Table 6. Values of aggregated indicators 
Software 
application 
SIA  PIA  
AP1 0,41 0,377686 
AP2 0,465 0,369871 
AP3 0,592 0,482989 
…. 0,705 0,700777 
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APi 0,409 0,399772 
…. 0,373 0,370106 
AP99 0,286 0,274573 
AP100 0,547 0,416174 
 
For the values of the sum aggregated indicator and the product aggregated indicator a correlation level of 
0.9582 is obtained, showing that the two indicators are representative and can be used for measuring the 
software applications quality level. 
5. Conclusions 
Future research must highlight the validation of the hypothesis for simultaneous equalities of weights 
averages for two or more sets of collectivities and the verification of the hypothesis regarding the dispersions 
equality in the case of different weights’ sets from two or more collectivities. 
Data was collected from two collectivities regarding the quality of software applications. Data was 
processed, resulting in two data sets for which dispersions were also measured. The two weights’ systems are 
sensitively equal.  
The indicator’s validation requires a long period of time necessary for observing the applications’ behavior 
and comparing the estimated level with the planned and actual level. For situations in which more 
collectivities’ sets are available, in order to achieve good results, divide et impera procedure is applied to the 
sets of weights. 
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